Methods suitable for the estimation of urinary metabolites of aldosterone and of cortisol are described. 
Previous work has indicated that, in man, aldosterone is metabolized to compounds which are then conjugated with glucuronic acid and it is also converted, without prior alteration of the molecule to a conjugate of the hormone itself (previously termed the 3 oxo conjugate (Axelrod et (Axelrod et al. 1955 ). The overall pattern in which these two types of conjugates appear has been studied in normal women and in pregnancy (Jones et al. 1959 ). It was found that the proportion of the urinary 3 oxo conjugate excreted increased whereas the glucuronide decreased in pregnant compared with normal women. However, in these studies, the tritiated metabolites in the crude urine could not be measured for technical reasons c), this could not be assumed to apply during the formation of all products. The data on the recovery of the total urinary metabolites of aldosterone was therefore limited in these studies.
Ulick & Lieberman (1957) have investigated one of the urinary metabolites conjugated with glucuronic acid and have presented evidence that it is 3 \ g=c\ , 18,21-trihydroxy-5 \g=c\-pregnane-11,20-dione. However, no detailed quantitative data on the pattern of metabolites of aldosterone released after incubation with \g=b\-glucuronidasecomparable to those which are available for cortisol have been reported.
It was therefore decided to study the metabolism of [7-3H] aldosterone to supply some of these missing data. The results are presented in the present communication. In order to compare the metabolism of aldosterone and cortisol in detail, [7-3H] aldosterone and [4-14C] cortisol were injected simultaneously and the 14C and 3H activities in the various urinary fractions compared. In many instances where [4-14C] cortisol has been used for metabolic studies a greater proportion of the 14C urinary metabolites is excreted as free lipid soluble material than occurs in the metabolism of the endogenous secretion of the hormone. Peterson (1959) and Sandberg (1959) have suggested that this * Throughout this paper steroids are referred to by »trivial« names as follows: ll/?,21-dihydroxy-3,20-dioxo-pregn-4-en-18-al: Aldosterone (as 18 -^1 1 hemiacetal) 17a,21 -dihydroxy-pregn-4-ene-3,11,20-trione : lli5,17a,21-trihydroxy-pregn-4-ene-3,20-dione: 3a, 17a,21-trihydroxy-5/i>-pregnane-ll,20-dione: 3a,ll/5,17a,21-tetrahydroxy-5/?-pregnan-20-one: 3a, 17 cc,21 -trihydroxy-5a-pregnane-11,20-dione : 3a, 1 Iß, 17a, 3:3'dianisolebis-4:4'-(3:5-diphenyl) [4-14C] and aldosterone 2 µ [7-3H] were injected into the antecubital vein in 10 ml physiologic saline at 9 a. m. except where otherwise described. Urine was collected for 0 to 24 and 24 to 48 h after injection. Six normal women, 2 to 10 days after menstruation, and one normal man were used for these studies. The diets were uncontrolled, the sodium excretion being 146-182, mean 172 m. eq. and potassium 38-77, mean 54 m. eq./d.
Measurement of Radioactivity in Crude Urine
Every daily collection of urine was made up to 2 litres volume with water. 0.6 ml of this diluted urine was added to 6 ml ethanol and 10 ml of the usual scintillation solution which contained 4 g diphenyl oxazole (PPO) and 100 mg (l,4-bis-2-(5-phenyloxazolyl)benzene), (POPOP), per litre toluene (Hayes Se Gould 1953 a, b) . The samples were counted in a Tri-carb liquid scintillator at two high voltage settings on the photomultipliers. For this particular quenched solution, these values were at the balance point for tritium and also about 100 V below the balance point for l*C. These were the same for all urine samples. The samples were counted in triplicate and for fifty minutes at each setting. A high counting tritium standard in 0.1 ml toluene was then added to one of the sample vials and a similar 14C standard to another. These two vials were then recounted at the two settings. Urine from a subject who had not been injected with radioactivity was used to prepare samples for background determinations. The contributions from 3H and l4C in the crude urine, corrected for quenching and efficiency, could then be calculated (Okita et al. 1957) . If the urine was first diluted, as described, the quenching correction was found to be similar for all urine samples but this was not assumed in these studies. It was found to be essential, if reproducible results were to be obtained, for the urine to be very thoroughly shaken before aliquots were taken. The vials were stored in the refrigerator overnight and checked next morning (viewed by incandescent lighting only before counting) for homogeneity of the liquid mixture. Sometimes two phases were formed in the samples which had 0.1 ml of the standards in toluene added and when the temperature of the refrigerator fell below -9°C. This effect could be corrected by slight warming of the sample. If these pre¬ cautions were observed, the accuracy of the mean value of the three samples for each urine and isotope was about 7°/o for the first and about 20°/o for the second daily collection.
Radioactivity in the Neutral Extract 1 litre of the diluted urine from every daily specimen was extracted once with 500 ml and twice with 250 ml of chloroform. The total extract was taken down to dryness, made up in ethanol and 0.5 ml of this solution added to 10 ml of the usual solution of PPO and POPOP in toluene. The tritium and 14C were then estimated as for the crude urine samples except that the balance points were different in these less heavily quenched solutions. The accuracy of the measurement was about 5°/o.
Radioactivity Extracted at pf¡ 1
The aqueous phase remaining after the neutral extraction was continuously extracted at pu 1 with chloroform at room temperature for 24 hours. It was then further ex¬ tracted by hand and the total chloroform extract purified by washing and by silica gel chromatography. The whole procedure has been described in detail elsewhere placed on a kieselguhr partition column in 1 ml followed by 2 X 0.5 ml of the mobile phase. The solvent system was toluene:methanol-water, (1:1, v/v) and the column had etlective dimensiona of 30 cm length and 1 cm diameter containing 14 g Celite 545 and 7 ml stationary phase. Fractions of 5 ml volume were collected and the peak con¬ centration of aldosterone usually occurred 60 ml from the appearance of the solvent front. One tenth of these fractions was added directly to 10 ml of the PPO, POPOP toluene solution and counting was carried out at the balance points for 3H and 14C. The addition of 0.5 ml of the mobile phase caused negligible quenching. As repeatedly investigated by correlating the radioactivity in the various fractions with the amount of aldosterone, the tritium in fractions 9 to 14 was found to be entirely due to this steroid. Usually 75% of the radioactivity as aldosterone was in fractions 11 and 12 or 12 and 13.
Aldosterone after Extraction at pu 1 An aliquot of 4 ml from the two fractions containing most radioactivity between fractions 9 to 14 were pooled, taken to dryness and acetylated with 0.3 ml pyridine and 0.15 ml acetic anhydride overnight. After evaporation of the reagents, aliquots of one third and two thirds of the extract were applied to separate points on a paper chromatogram (Whatman No. 2, 9" wide) as two spots. Standards of 1 µ and 0.5 /¿g aldosterone diacetate were run concomitantly. Small amounts of a blue dye (Fll. supplied by Dr. Neher) were placed on the edge of the paper parallel with the origin.
The paper was run in the Bush B3 system (Bush 1952) After injection or addition of the tritiated steroid alone, the radioactivity could also be assayed conveniently by a flow counter (Ayres et al. 1958 b) . The type of kieselguhr partition column used to purify the aldosterone could be re-used many times without deterioration. About 200 ml mobile phase were usually allowed to run through the column before re-use.
Radioactivity in Glucuronide Fraction
Aliquots of 166 ml of diluted urine were taken from 2 litres (or l/12th of the total daily collection if the excretion were greater than 2 litres, the extraction volumes being then correspondingly increased) and extracted at neutral pu with 1 X 80 ml then 2 X 40 ml of chloroform. 6.8 g sodium acetate (0.5 m) and 225 mg (0.03 m) potassium phosphate monobasic were then dissolved in the aqueous phase and the pu adjusted to 5 with glacial acetic acid (about 2 ml). 83 of the tetrahydrocortisone readings under identical conditions. Tetrahydrocortisone, tetrahydrocortisol and allotetrahydrocortisol gave the same densities per µg after development overnight at room temperature with the reagents described (Silber Se Porter 1957) . However, at 60°C and using the slightly modified reagent, the 11 keto com¬ pound gave about twice the density of both 11/J-hydroxy metabolites. (Bush 1952) giving a single peak at R tetrahydrocortisone = 0.86 and in the chloroform formamide system (Zaffaroni 8c Burton 1951) again showing a single peak at R tetrahydrocortisone = 1.0. The material was then acetylated and chromato-graphed on the methylcyclohexane formamide system where radioactive survey again showed one peak with Rdoca =11 indicating also that a triacetate had been formed. The evidence strongly suggests that the major tritium peak in the original columns of the glucuronide fraction following ß glucuronidase hydrolysis was homogeneous. A small quantity of this material was isolated using similar procedures to those already described. The material after chro¬ matography on a 100 cm long celite partition column using water-methanol 1:1 toluene-ethyl acetate 15:1 was run on the EoB system. Development with blue tetrazolium in 10% sodium hydroxide showed a single compound which gave formazan but no soda fluorescence. The evidence also suggested that this material was identical with the urinary metabolite of aldosterone described by Ulick 8c Lieberman (1959) . Therefore, the radioactive acetyl derivative (ca 1 µg) eluted from the methylcyclohexane formamide system was mixed with 10 µg of acetylated 3 f-trihydroxy-5 Impregnane-11,20-dione kindly supplied by Dr In the same system at pu 2, the value of the 3 oxo conjugate was about 1.8. This indicates that the conjugate is much more polar in this system than the usual corticoid sulphates or glucuronides and that it seems to be more acidic in nature. Work on the structure of the conjugate must await its isolation but there is now little doubt that it is a fairly stable compound which quantitatively is a major metabolite of aldosterone. It has also been confirmed, in recent studies, that this conjugate is very rapidly excreted compared with other known steroid conjugates. After injection of tritiated aldosterone into another normal subject, it was again found that at least 90 % of the total radioactivity finally measured in the first 24 hour collection of urine as aldosterone after pu 1 extraction, was excreted in the first twelve hours and very little in the second twelve hours. It is interesting that this conjugate is rapidly excreted in view of the preliminary indications that it has a low /? value. A correlation between the two characteristics has been observed for many metabolites (Williams 1959) .
The tritium (expressed as a percentage of the injected dose) in the glucu¬ ronide fraction of the urine collected for two days after injection is signi¬ ficantly lower than the 14C. However, the difference is not very great and it seems that for both cortisol and aldosterone the major route of metabolism in normals is to compounds conjugated with glucuronic acid. The amount of 14C is greater than that of 3H in the glucuronide fraction of the first twentyfour hour collection by a larger factor than is the case for the forty-eight hour collection (Fig. 1) . Unlike the metabolism of 4-14C cortisol, this is due to appreciable amounts of radioactivity being excreted as glucuronide in the second twenty-four hours. Thus, 8 % of the total tritium excreted as glucu¬ ronide appears in the second daily collection but the corresponding figure for 14C is only 1.8 %. This means that the formation or excretion of glucuronide metabolites of aldosterone is relatively delayed. The detailed explanation for this must await further studies in blood.
The data on the excretion of tritium, as measured in the total crude urine, can be explained in terms of a combination of a rapid excretion of the 3 oxo conjugate (total excretion about 20°/o, corrected for recovery and inefficiency of hydrolysis) and a slower excretion of the glucuronide metabolites (total excretion about 60 % also corrected). The tritium in the second daily collection as measured in the crude urine is greater than can be accounted for in the glucuronide fraction. However, it should be remembered that the estimation of tritium in crude urine is inaccurate for the later collection and the difference in the crude urine and glucuronide values are probably not too meaningful. (Romanoff et al. 1957; Bush 8c Willoughby 1957; Gold et al. 1959; Fukushima et al., in press (Laumas et al. 1961 ).
The secretion rates calculated for cortisol from the specific activity of the tetrahydro metabolites in these studies agree with those reported by other workers (Cope 8c Peterson (1959) for four normal subjects. In this study the secre¬ tion rates were calculated from the specific activity of the aldosterone released from the 3 oxo conjugate following administration of randomly labelled d,l aldosterone. The possible causes of the difference have been discussed else¬ where (Peterson 1959 
